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? Trp2? ???????????????? 7-11?
Tyr????????????????????????????????
??????????????????? 12?Tyr?????????????
?? 3,4-dihydroxyphenylalanine? DOPA? ??????? DOPA ???? DOPA
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?? 100 ml? ???? 2?????????????????????????
?? 5°C? 3?????????????????????1,3-???????
????????? 100 g?????????
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B16????????????5% CO2? 37°C?????10% ??????
? M P Biomedicals???? ??????????????? ????, ??? ?
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???????????????????????????????????
???????? 3???????????? 10%????????? Invitrogen?
?????????????????30???????100 l ???? 96??
?????????????? 544 nm????? 590 nm??????????
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? ??????????? ??????????????? 10???????
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??????????????1 M NaOH? ?????????? ??????
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?????????Tyr ??? H109? Santa Cruz Biotechnology???)??
Trp1??? PEP1? Dr. Vincent Hearing? NIH, Bethesda, M D? ?????M itf??
? C5? Thermo Scienti f ic???????? ?-actin??? C4? M ill ipore????
??????????????????????????????? GE 
Healthcare? ??? ???????
?????? ???????
??????????? 48??????????????????? 50 mM
Tris-HCl? pH 7.5? Sigma?????150 mM NaCl? ????????1% Triton X -100?
100 M Na3VO4???????????????????? ?????????
?????? 10????????? 15,000 rpm? 4°C? 10?????????
???????????????????BCA protein assay kit? Pierce????
?????????????? 5%?2-??????????? ???????
????Laemmli?????????? 2?; Bio-Rad Laboratories????????
95°C ? 5 ????????????????????? 10 g ?? 7.5%??
? Bio-Rad Laboratories? ??? SDS-PAGE ???? Immobilon-P ?????
? M ill ipore? ???????????????SNAP i.d. Protein Detection System
? M ill ipore? ????????????????? SNAP i.d. system?????
??????????????????????????? 20 mM Tris-HCl? pH 
7.5?? 150 mM NaCl? 0.1% Tween 20? ????????????0.5%?????
?? ???????? ??????????????????????????
? 3:2,000 ????????????????????? 10????????
?????????? Tris-buffered sal ine? 20 mM Tris-HCl? pH 7.5??150 mM NaCl?
???0.1% Tween 20 ? TBST?? ??? 3?????????????????
??????????3:2,000?????????????????????10
?????????????????? TBST ??? 3 ??????????
??????????? ECL Plus Western Blotting Detection System? GE 
Healthcare? ?????????????????????????
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CC-3¢; Mitf_R 5¢-AAG TTG GAG CCC ATC TTC CT-3¢; Mc1r_F 5¢-TGA CCT GAT 
GGT AAG TGT CAG C-3¢; Mc1r_R 5¢-ATG AGC ACG TCA ATG AGG TTG-3¢; 
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GGT GGA CAG TG-3¢???????2-DDCT 24???????????????
???3?????
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??????????Student?t??? ????? ?????
??
E. moll is????B16?????????????????????????
??E. moll is????B16?????????????????????
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Figure 1. E. mollis ????B16?????????????????????
?????
A. B16??? 0.05%? 0.1%? 0.2%????0.3%?E. moll is??????? 72
?????????????????????? ?????? ???????
????????????????????????????????????
????3????????±??????????????????????
????????? P < 0.05? ?*?????? B. NaOH??????????
???????
Figure 2. E. mollis ????B16?????????????? Tyr???Trp1
??????
A. B16???0.1%???0.3%?E. moll is??????? 48????????
???????????? Tyr? Trp1????-actin??????????? ?
??????????????B. B16???0.1%????0.2%?E. mollis??
????? 24?????????RNA ??????RT-PCR????????
3 ????????????±??????????????????????
?????????* *?? P < 0.01? ????* * *?? P < 0.001? ?????
Figure 3. E. mollis ???? B16 ?????????????? M itf ???
M c1r??????
A. B16???0.1%???0.3%?E. moll is??????? 48????????
????????????M itf ???-actin ??????????? ????
???????????B. B16???0.1%????0.2%?E. moll is?????
?? 24?????????RNA ??????RT-PCR????????3?? Mitf?
??? ?2?? Mc1r? ???????????±??????????????
????????????????? P < 0.05? ?*??????
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Figure 4. E. mollis ???????????????????
E. moll is????Mitf???????Tyr?????????????????
??????????E. moll is????Mc1r???????????? -M SH
????????????????????M itf ?????????????
???
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??
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????? Foxn1 ???? ?????????? phenotype?
????????? ???????? Foxn1 ?????? ??????
Fibroblast Growth Factor (bFGF)??????????????????????
????Foxn1?? ???????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????
??
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?? ?????????????????????????????????
??????????????????????????????? ????
????
??????????????????????????????????
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???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????? ????????????????????
?????????????????????????????? ?????
????????? ??????????????????????????
?????????????????????????????????
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????? ???????????????????????????
???????????????????????????????????
????????????????????? ??????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????? reactive? ????
?????????????????????????????????? ?
? proactive????????????????????????????????
???????????????????????????????????
????????????????? ??????????????????
??????????????
Foxn1? Whn?Hfh11? ????????????????????????
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???????????????????????????????????
DNA?????? 2,3???????????????????? 3,4,5?????
?????Foxn1??????????????? 2,6?Nude????????
??7??????8,9????????10???????11??????12??
??????? phenotype???????FOXN1????? 86%??????
? 13? FOXN1?????????????????????????????
?????? 14???? FOXN1??????nude phenotype????????
?????? Foxn1?????????????????????
??????????????? Foxn1?????????????????
??????????????? Foxn1 ?????????????????
????????????????????? Foxn1 ???????????
?????????????????????????????????
?????
??????????????????????
??????????????????? ??97-2135?2??????Foxn1
cDNA ??????Kozak??? Flag?????????????? 15????
?????5?? 3?????????? 5??????? 0.9 kb? 16????
-?????????? 0.75 kb? 17? Foxn1 cDNA??????? 15?????
????? 0.5 kb? 18?????
?????????????CBRC Transgenic Core Facil ity????DBA ?
C57BL/6 F1 ?????????????????????????????
DNA ?????Foxn1 cDNA ???774-796???1449-1470????????
????? PCR?????????????????????????C57BL/6
?????????????????????????IACUC???????
?????????????
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??????????
Foxn1?????????????AdEasy Vector System? MP Biomedicals?
??? ??? AD-293 ???? Stratagene???? ?????????????
???????? Ad-Foxn1? ?Krt5-Foxn1?????????Flag?????
?Foxn1 cDNA ???????????AdEasy??????????????
??????????????? 2?????????PD-10???? Amersham 
Biosciences???? ?????????
???????????????
?????????????????????????? 50 mM CaCl2?4% 
chelex????????????2.5 ng/ml??????? ?33.5°C?????
???????????????????????????????????
??????????????????????
???????????Swiss Webster????????????????
?????????????????????????1000 m.o.i . (multipl icity 
of infection)???? 1?????????????????????? GFP?
???????????????????????????????95%100%
???????????
??????????????? Tyr ????
??????????? ????????????? 19? Nuclear fast red?
????????????
????????????????????????=1:1? Foxn1???Tyrp1
??? ????1%??????????????????? bFgf? ?????
20???????????????? Foxn1 ??? WHN G-20? Santa Cruz 
Biotechnology??????????????? bFgf ??? H-131? Santa Cruz 
Biotechnology????????????????Tyrp1??? PEP1?Dr. Vincent 
Hearing? NIH?Bethesda?M D? ??? 21?????Foxn1??????????
28 
? 5%?????????? BSA? ???????????? PBS?? ?????
???? 0.1% NP-40?PBS?????????????Weiner ? Green? 1998?
22?????????
Tyramide-based Tyr????? TTA???????????????????
?????? 20?
????????????????????????
????????RNA???
bFgf ?????????????????????????ELISA ???
?????????????????????????? 1 ????????
???????????? 24??????????????????????
??? 200?g? 5 ??? 4°C? ?????? 0.45 mm SFCA syringe f i l ter? Corning, 
Inc.????? ??????????????????? 5 K ?A micon Ultra-15 
Centri fugal Fil ter Unit? M ill ipore???? ??????????????????
?????????????PBS? 2?????????????? ????
??????? 4°C?????????????????????1/50???
??????-80°C ????? Bradford ??????????????????
??ELISA ????? ELISA ?Quantikine HS Fgf basic Immunoassay K it? R& D 
Systems???? ?????
bFgf mRNA???RT-PCR????????????RNA?RNeasy M ini K it
? QIAGEN?????????????oligo-dT?????? SuperScript I I I  First 
Strand Synthesis System for RT-PCR? Invitrogen???? ???? cDNA ????
?????????????????????? 1? PCR Gold Buffer? Applied 
Biosystems???? ??????????????PCR? iCycler-M yiQ System
? Bio-Rad Laboratories???? ????? PCR??? 6-FAM ???BHQ1??
??????????????????????bFgf??????Hprt???
????? bFgf?????0.24-3.8 g?RNA ???cDNA ????????
?Hprt?????30-500 ng?RNA ???cDNA ???????bFgf????
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?5 -CAC TCC CTT GAT AGA CAC AAC TCC TC-3???????5 -GAG AAG 
AGC GAC CCA CAC GTC-3???5 -GCC A GC AGC CGT CCA TCT TCC-3??
??? Hprt?????5 -CTG GCC TGT ATC CAA CAC TTC GAG AG-3???
????5 -CTT TCC CTG GTT A AG CAG TAC AG-3???5 -CAT ATC CAA 
CAA CAA ACT TGT CTG G-3????? PCR???AmpliTaq Gold? Applied 
Biosystems?? 0.6 M ?????? 0.25 M???????? 3????????
??????? ??????58°C???68°C? ??????????????
????? cDNA ?????????????????????
??bFgf???
????????????????? bFgf??? R& D Systems??????
???????? bFgf ??? R& D Systems?? ????? IgG? Upstate 
Biotechnology??????????????????PBS???????1??
????1 mg??? 0.1 ml??????????? 1?1?? 6??????
??? P0-P5??P6????????? 1%?????????????????
?????????????O.C.T.????????????????????
TTA ?????????????? 20?
???bFgf?????1-2 mg/ml?ND50?????
?????????
?????????????????????????????????
???? ~107??? ??????????? 18??????????????
??????? Polysciences, Inc.???? ?????1%???????????
?????? 10????? 125 mM?????? 5?????? PBS? 2??
????????????? -80°C?????? Lahiri ? Ge? 2000? 23????
???????????????????????????????????
????????? Roche A pplied Science??????????????A? 10 mM
HEPES pH 7.9?10 mM KCl?0.1 mM EDTA pH 8.0?0.1 mM EGTA pH 8.0?1 mM DTT?
30 
?????? 15??????NP-40??10%?????0.1%?????????
????????????????? 18,400?g? 5?? 4°C? ????????
???????????????????????????? Roche Applied 
Science? ????RIPA ?????? 50 mM Tris-HCl pH 8.0? 150 mM NaCl? 1% 
NP-40? 0.5% sodium deoxycholate? 0.1% SDS? ???????????????
?????????Sonif ier 250? Branson???? ?????????????
??CaCl2 ? 2.5 mM??????????? micrococcal nuclease? ???100 
units/ml? Takara Biomedicals????? ???RNase A? ???300 g/ml? Fisher 
Scientif ic???? ???????????? 15??? EGTA ? 10 mM????
?????????? ?????????????????500-1000 bp???
?????????????????????? 840?g?10??4°C? ????
???
???? protein G-agarose beads? Roche Applied Science? ????????
???????RIPA buffer?BSA? 200 g/ml???????????DNA ? 200 
g/ml? Roche A pplied Science? ?? 4°C ? 0.5-1????????????? ?
?????????????????? 4°C ? 0.5-1??? ????? 840?g?2
?? 4°C? ??? ??????? ????4-5%? ?? DNA ?????????
??Flag M 2-?????????????? Sigma-A ldrich, Inc.??????? 4°C
??????????????????? Flag ????????? BSA ??
DNA ??????????????????????????Flag?????
RIPA ? 2???????????? 100 mM Tris-HCl pH 7.4?500 mM NaCl? ? 2
??TBS? 50 mM Tris-HCl pH 7.4?150 mM NaCl?? 2??????20 mM Tris-HCl 
pH 6.8? 2% SDS? 2???????????????????????? 15
????????????????????2???????????????
????????? 1% SDS ??? 300 mM NaCl ???????????
proteinase K? 250 g/ml? ? 37°C???5?????????????? 65°C
????????????????????????????????????
???????????? lock gel? Eppendorf AG????? ????????
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?????????????????50 g????? DNA ????????
? 1? PCR Gold Buffer???????
??????????? Flag ?????????????? IgG? Upstate 
Biotechnology? ?????????????????????????????
IgG? BSA ??DNA ????? protein G-agarose beads???????
ChIP?????????PCR????????????????????
?????????bFgf?cis??????????DNA??????????
??????????????????????? bFgf ??????????
?????? ?? bFGF???? ??? ?? 100 bp? 70%????? ????
??????? 24??????????VISTA ??????? 25-27?????
bFgf?37????????????? ?????????? 2???????
?35? ???????????????Gapd?????????? 169 bp? ?
????????????????????????????? 1 ?????
????5 -CTG TCT CCC GCA CCC TAT CCT TAC AC-3???????5 -GGC 
TCT TAC GTG TTG AGG ACT C-3???5 -CAG TCC CGT AGA GCA CAA GCT 
G-3???????2?????????5 -CTG TAG ATA CAA TTA ACA AAC 
TAT GAC CAA G-3???????5 -CAC A AC ATC CAT TAT GTA ACC AGA C-3
???5 -CAC TGT GAA CGT TCA TTT GCA AGC-3?????Gapd?????
???5 -CTG TAG CCG TAT TCA TTG TCA TAC CAG-3???????5 -CTG 
CGA CTT CAA CAG CAA CTC C-3???5 -CCA GGG TTT CTT ACT CCT TGG 
AG-3?????
??
????????? Foxn1 
????????????????????????????? Foxn1??
????????????????????????? 6,9????Foxn1??
????????????????????????????? 9,15?????
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???? Foxn1??????????????????????? 9?????
????? Foxn1 ???????????????????? 15?  Foxn1 ??
???????????????????????????????????
??????????? Foxn1 ?????????????????????
??????????????????????????? 9????????
??????????????? 9,28? Foxn1???????????????
?????????????
Fig. 1????????????????????Foxn1????????
????Foxn1??????????? ??????????????????
????????????? ????????????Foxn1?????Foxn1
?????????9? Foxn1 mRNA ??9,28??????? Foxn1?????
?29??????????????
????? Foxn1????
Foxn1???????????????????????? 5? KRT5? Fig. 2A?
16??????????? Foxn1 ????????????????????
???????????????????????????????????
???????????????????????????? Foxn1 ????
???????????
??????Krt5-Foxn1???????????????????????
????????????????????????????????????
???????????????????????????????????
??????????????????????????????? ????
?????????????????? Fig. 2B???????????????
?????????????????? ?????????????????
??????? ??????????????????? Fig. 2C2F?????
???????????????????????????????????
???????????????????????????????????
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???????????????????????????????????
????????????????????
??????????????? TTA ????????? Fig. 2G-2H???
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????? 3 ???????????????????????
?????????????phenotype??????????????????
???phenotype????????????????????????????
???????Foxn1??????????????????????????
?? Fig. 2J???????????????????????????????
????????? Foxn1 ???????????????????????
????????? 9,15,30,31???? Foxn1????????????????
??????????Foxn1????????????????? Fig. 2I??
Foxn1??????????
??????????????????????????????????
??????Foxn1? Fig.3???? ?????????Foxn1????????
????????? Fig. 3??????????????????????Foxn1
????????????????????? Foxn1 ???????????
????????? Foxn1 ???????????????????????
Foxn1???????????????????????? Fig. 3???????
???? Foxn1 ????????????????????????????
??????????????? Foxn1 ?????????????????
??Foxn1???????????????????????????????
????????????????????????????????
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??????FOXN1 
???????????????????? 4?????????????
?????????? 2 ????????? ???????????????
???32?????2????????? ????????????33?????
???????FOXN1?????????????? 14?FOXN1??????
?????????????FOXN1???????????????? FOXN1
???????????? Fig. 4?? FOXN1????????????????
???????????????????????????????????
??????????????????????????????? FOXN1?
????????????????????
Foxn1? bFgf 
???????????????? Foxn1 ??????????????
???????????????????????????????????
???????????????????????????????????
??????????Fibroblast Growth Factor? bFgf? 34??????????
??????????????bFgf ???????????????? 35-38?
?? 39-41??? 35,42,43????????? 44,45??? 46??????? ????
?? ?????????????????????????????????
???? bFgf ??????????????????????????? 47?
?????bFgf????????????????????????????
??????????????????????bFgf ???????????
???????????????????????????????????
? 34?????????? bFgf ?????????????????????
??????????? 48?????????? Foxn1 ??????????
?????? bFgf ?Foxn1???????????????????????
???????????????????????????????? Foxn1
?bFgf ??????????????? Fig. 5A , 5B???????bFgf???
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??????????????????????? ELISA ?????????
???????????????????????6??bFgf ???????
???????????? Fig. 5C?????????bFgf??????????
???????? Foxn1????bFgf???????????????
???????Foxn1????????????????4,15,16,30,31,49,50??
???????????????????????????????????
?????????????????Foxn1????????????????
????????????????????????bFgf ?????? Fig. 5D
???????? Foxn1?bFgf mRNA ??????????????????
?8????????????????????Foxn1????bFgf????
???????????????????????????????????
???????? Foxn1?bFgf?cis??????????????????
?????????????? ChIP? ???? bFgf?????Foxn1????
????????????????????bFgf?????????????
???????????????????????????????????
?????????????????????????????? bFGF ??
????? 100 bp??? 70%??? ?????????? 37????????
?????2???Foxn1?????????? Fig. 5E, 5F????1?????
??????????? 1 ???????????????????????
????????bFgf?Foxn1?????????????????????
bFgf ? Foxn1 ???????????????????? Krt5-Foxn1 ??
????? bFgf????????????????????????????
????????????1??????bFgf??????????????
bFgf????????????? 2?????? bFgf???????? 2??
??????????? bFgf ??????????????????????
???????????? Fig. 5G, 5H???????bFgf ??????????
???????????????????????????????????
?????????????????phenotype??????????????
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??bFgf?Foxn1???????????????????????????
??bFgf??? ??? ???????? ?????????????????
????????
??
??????????????????????????????????
????????????????????????????????????
?????????? Foxn1 ?? Foxn1 ??????????????????
Foxn1?????????????????????????????????
???????? ???????????????????????????
?????????????????????????????Foxn1????
????????????????? bFgf ????????????????
????????? Foxn1 ???????????????????????
????????????????????????????Foxn1?????
???????????????????????????????????
???????? ????????? Foxn1 ?????? ?????????
phenotype? ??????????????????????????????
???????????????????????????????????
?????????????????????
Foxn1????????phenotype???????????????????
???????????????????????????????????
??????Foxn1???????????????????????????
?FOXN1 ?????????????????????????? ?????
???? ????????????????????????? Fig. 4????
Foxn1 ?????????????????????????????????
????????????????Kitl? Kit ????? ??????????
?????????????????Kitl?????????????????
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????????? 51?K itl?Foxn1?????????Foxn1???????
????? phenotype ?????????????????????????
phenotype???????????????????????????Nog?Egfr?
F2rl1???? Pomc1????????????????? 52-56? Foxn1???
?????????????????????????????Foxn1????
??????????????????????????????
???????????????????????????phenotype??
???????????????????????????????????
?????????????????????????????phenotype??
???????????????????????????????????
???????????????????????????????????
????????????????????? Foxn1 ???????????
??????Foxn1???????????????????????????
???????????????????????????????????
???????????????????????????????????
????? phenotype????????????????????????? ?
?????????????????????
????Foxn1???????????????????????????
? Foxn1-bFgf ?????????????????????????????
?? Foxn1 ???????????????????? nude ????????
????????????????????????? 4,9,15,19????????
????? Foxn1 ?????????????????????? 15????
??????Foxn1?2?????????????????????????
???????????????????????????????????
???????
Foxn1???????????????????????????????
??????????????????????????????????
phenotype?????????????????????????
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Figure 1. Foxn1?????????????????????????
???9?? P9? ??????????Foxn1? ?? ??????????DNA
? ?? ? Hoechst dye 33258?????? PC?????????? FP?????
?????????20 m????
Figure 2. ????Foxn1??????????????????
A. Krt5-Foxn1????????? B. ???? WT? ????????????
? TG? ?P14????????? CF. P10????? C???E? ?????
???????? D???F? ?????????? ????????????
??????????G???H . P4????? G? ????????????
? H? ?TTA ??? Tyr???????????? I ???J. P9????? I?
????????????? J????????????Foxn1????????
G?J??DNA ????????? C?J??????????????? SC?
???? IF????? SG????? HS????????????C ? D??15 
m? E ? F??50 m?G?J??20 m????
Figure 3. Foxn1??????????????????
2 ??? Krt5-Foxn1 ??????????????????????????
??A. ???????Foxn1? ??? Tyrp1? ???????????DNA? ??
???????????B. ?????????? ??????????? ???
?????????? C. B???????????????????? D. A ?
C ???????????? Foxn1 ???????????????????
?25m????
Figure 4. FOXN1?????????????????????????
?????????? FOXN1? ?? ?????????DNA? ?? ?????
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???????????????????????????25m????
Figure 5. Foxn1?bFgf??????????????????
A ???B. P4????? A? ??????????? B? ?????????
?? bFgf???????? C. ELISA ???????????????????
??? WT? ????????????? Krt5-Foxn1? ???????????
?????bFgf??????4??????????D. ??????RT-PCR
????????????y???????????????????????
????bFgf mRNA ?? x??????????????????3????
??????E. Foxn1-DNA ????ChIP???????bFgf???????
?? outcome ?????? IgG ?????????????????????
???????1??? 2 ???????????????? 4??????
???? F. ??? bFgf???1???2????? D ? E ??Ad?????
?????? Ad-Foxn1????Foxn1 ??????????G ???H . bFgf
????????????? TTA ????????????????????
?????????? Tyr??????????????????? G? ???
bFgf ??? H? ?????? IgG ????????????????????
??? A? B?G? H ??? DNA ?????????????????????
??C?E?????????? ± SD??????????????A ? B?
?20 m?G ? H ??25 m????
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Fig. 1 
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Fig. 2 
46 
Fig. 3 
47 
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48 
Fig. 5 
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4. K eratinocyte Growth Factor?????????????????????
????????????????????????
??
???? UV? ???????????????????????????
???????????????????????????????????
?????????????? ?????????????????????
???????????????????????????????????
??????????
??????????????????????????????????
???????Keratinocyte Growth Factor? KGF??????????????
?????????????????????????KGF????????
????????????????????????????????????
????????????? KGF????????????????????
??????????????? ????????????????????
???????????????????????????????????
????????
??
???????????????UV ?????????????????
???????????????????????????????????
???????????UV ???????????????????????
???????????????????????????????????
??????????????????? 1????????????????
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?????????????????????? SA/1R? ??????????
??????????????????Image Pro Plus ver. 4.5? Medical Cybertics 
Inc.???? ???????????????????
????
????????????SA/EA???SA/1R?????????Student
?t??? ????? ????? P??0.05????????????
??
???????????????? KGF???
???????????????????? KGF ????????????
??????????????????????????KGF???????
???????????????????????????????????
?????? Fig. 1?????????SA/EA ???????? 0.184 ± 0.139?
??? 0.134 ± 0.071?????????????? 0.237 ± 0.107???? 0.210 ± 
0.084????????????????? ???????P = 0.014????P
= 0.016?? Fig. 2A?????????SA/1R???????? 10.216 ± 7.194??
?? 8.699 ± 4.923?????????????? 19.350 ± 8.744???? 13.172 ± 
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Figure 1. ?K GF??????????
??????????????KGF ????????????? A? ????
?? B? ?????????????? ??? ?400?
Figure 2. ?????????
KGF????????????????????? A???C? ?????? B
???D? ??????????SA/EA? A ???B? ???SA/1R? C ??
?D? ???????????????????????????????*?
? P < 0.05? ????* * *?? P < 0.001? ????? ?
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5. K eratinocyte Growth Factor?????????????????????
????
??
?????????????????????????????????
???????????????????????????????????
??????????????????????Keratinocyte Growth Factor? KGF?
??????????????????????????????????
??????????????????????????????????
????????? KGF ?????????????????? KGF ???
??????KGF?Dibutyryl cAM P? DBcA MP?????Fibroblast Growth Factor
? bFGF?? Transferrin? Tf????? Endothelin-1? ET-1? ??????????
???????????? KGF??????????????? DBcAM P, Tf, 
???ET-1??????????????????????????????
???????????????????????????????????
????????????????????KGF?cAM P? bFGF?Tf????
ET-1 ??????????????????? cAM P? Tf????ET-1 ???
????????????? cAM P? Tf? ET-1???????????????
????????????????????????????????
??
????????????????? TY R? TRP1? TRP2 ???????
???????????????????????????????????
??????????????????? 1-6???????????? ????
???????????????????????????????? 7???
???????????????????????????????????
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???????????????????????????????????
???????????????????????????????????
? TYR? TRP1? TRP2??????????????????????????
???????????????????????????????????
??????????????????????????????? 3-5, 7-12??
??????????????????in vivo??? in vitro????????
???????????????????????????????????
???8-14???????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????? 15???????????????????? in vivo
???????????????????????????????????
?????????????? in vitro??????????????????
??????? 16????????????????????????????
?????????????????????? 17???????????
? M DM D? ?Ham's F-10??? Insul in? Bovine Serum A lbumin? Ethanolamine?
Phosphoethanolamine? Sodium Selenite???? Dibutyryl Adenosine 30:50-cycl ic 
M onophosphate? DBcAM P? ???????????????????????
????? 17????????????? M DM DF? ?M DM D ? bFGF???
???????????????????????? 17???????????
???????????????????? M DM DF ?MDM D ??????
???????????????????????????????????
In vivo?in vitro????????????? ET-118,19? SCF20-23?Hepatocyte 
Growth Factor? HGF? 24-26? Granulocyte-M acrophage Colony-Stimulating Factor
? GM CSF? 27-29????Leukemia Inhibitory Factor? LIF? 30?????????
???????????????????????????????????
???????????????????????????????????
????????bFGF31???FGF31?Transforming Growth Factor-132?KGF32,33?
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SCF33? HGF33,41? Interleukin? IL? -132? IL -132????Platelet-Derived Growth 
Factor35?????????????????????????????UV ?
????????????????? 36,37?????????????????
????????????????????DKK1??????????? 38?
??????????????????????????????????
39,40???????????????????????????? ?????
Neuregulin-1??????????????????????????????
????????????? 41??????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????
KGF? FGF-7? ?FGF???????????? 42???????????
?????????????? 43? KGF ?????????????????
????????????In vivo?????????????????? 44??
??????????????????????? 44,45??????????
??????????????????????? 46???????????
?????????? KGF???????????????????????
??????????????K GF??M DM DF?M DM D ????????
???????????????????????????????????
??????
?????
?????????
?????????????????????????????????
???????? ??? ????????????????????????
????????????????????Sigma Chemical Co.? ??? ???
???????????????M DM D? 10 g/ml Insulin? ???? 0.5 mg/ml 
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Bovine Serum A lbumin? fraction V??1 M Ethanolamine?1 M Phosphoethanolamine?
10 nM Sodium Selenite? 0.5 mM DBcAM P? 100 U/ml Penici l lin G,? 100 g/ml 
Streptomycin Sulfate? 50 g/ml Gentamicin Sulfate????0.25 g/ml Amphotericin 
B?????Ham's F-10 medium? Gibco????? 17????????????
? ??? ?? ???????????? ? ???????????? ? ?
M DM DF? 2.5 ng/ml ????? bFGF? Invitrogen???? ?????M DM D? 17
????????????????????????????????????
?????????????? M DM D ? M DM DF? Transferrin? Tf?? ET-1?
?????KGF??????
??????????????????????? I ??????? Becton 
Dickinson???? ???? 17????????? 2 ? 104???35 mm???
??? 2.08 ? 103 ???cm2? ????????? 5% CO2? pH 7.2?? 37°C?
??????? 1???3?????????????? 7?????????
???M DM DF ????????????????????????????
????????????????????????????Ca2+?M g2+???
???????????? CM F-PBS?????? 0.05%?????? T? Difco?
??????? 0.02%???????????? EDTA? ? 37°C ? 10????
??T???????2,000 U/ml?????T????????????? 800
?g ? 5???????????????? M DM DF???????????
????? 35 mm?????????????????? 2????????
???????????????????????? Tf? 100 g/ml??ET-1 ? 10 
nM????? KGF? 0?1?10?10 ng/ml? ?????M DM DF???M DM D?
??????7???????
??????????
?????????????????????????????????
???????????????????????????????????
??????????????????????????HuM edia-KG2? ??
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?????? ?10 g/ml insulin? 0.1 ng/ml ?????Epidermal Growth Factor
? EGF??0.5 g/ml Hydrocortisone?0.4%??????????50 g/ml Gentamicin 
Sulfate????50 ng/ml Amphotericin B??????????????????
??? I ???????????????????????? 47? 2 ? 104 ?
??35 mm???????? 5% CO2? 37°C???????? 7???????
?????????????????????? CMF-PBS ????? 0.05% 
T????0.02% EDTA ? 37°C? 10???????????????????
???????????????????????
??????? ????????1:1???
???????? T??????????????????????KG
??? 2 ? 104???35 mm????????? 2???? ????????
???????????????????????????????M DM DF?
?????????????????????????????????? T
???????????????????? M DM DF? 2 ? 104???35 mm
??????????????2???? ?????????????????
?? ?????????????????????? ???????? KG2 ?
M DM DF?1:1??????????????????M DM D???M DM DF
?????????
???????????????????????
35 mm ??????????????????????????????
?????????????? 17?????????????????????
??????10?????????? ??????????????????
???????????????????????????????????
???????????????????????????????????
DOPA? ?????????? ??????????????????????
?????????????????????????????????DOPA
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????? ?TYR ?????? ?????????????????????
???? DOPA-????????? DOPA-?????????????? 17,48
????????????????TYR??????????????????
?I???? I I?????????? TY R????????????????
??????? 48,49???????????????????????????
???????????????????????????????????
???? 48,49?????????TRP1???TRP2????????? 50??
????????I????????II?????????? TYR??????
???????????????
DOPA??
????????????CMF-PBS??5%???????2°C?30??
??????????? PBS? pH6.8? ??0.1% L-DOPA ??? 37°C? 1.5?
??????????????? 10%??????? 25°C? 1???????
???????????????????????????????????
?????????
??
?????????????????????????????????
??????Student?t??? ????? ?????
??
KGF???????????????????
??????????????????????????? M DM D + Tf + 
ET-1????????????????????????????KGF? 0?1?
10? 100 ng/ml?????????????????? Fig. 1A? ???????
???????????????????KGF?1? 10 ng/ml???????
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??????????????????? Fig. 1B???????????  K GF
???????????????????????????????????
???????????????????????????????
??KGF???????????????????? Table 1??  KGF??
???????7?????????????6???????KGF? 10 ng/ml?
???????? 9 ??????????????????????????
???????? KGF????????????????????KGF ??
?????????????????????????Fig. 2????????
???????? KGF? 10 ng/ml? ??????????????????? 3
?????? Fig. 2A , B? ?? KGF???????? Fig. 2B? ????????
?? Fig. 2A? ?????????????????????????????
??????????????????????? 7?????? Fig. 2C, D?
???? KGF???????? Fig. 2D? ?????????? Fig. 2C? ???
???????????????????????????????????
?????????? KGF ???????????????????????
????????????
KGF?????????????????
??????????????????????????? M DM DF + Tf 
+ ET-1?????????????????????????????Fig. 3?
????????????? 3???????????KGF? 10 ng/ml? ???
????????????????? KGF???????? Fig. 3B? ????
?????? Fig. 3A? ?????????????????????????
???????????????????????????????????
????????????? Fig. 4???????????? KGF? 10 ng/ml?
??????????????????? ????????????????
???????? KGF????? ???? 2???????????????
???? KGF ?????????????????????????????
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????????????????????
??
???????????????KGF????????????????
???????????? ???????????????????????
??????KGF???????????????????????????
?????????????????KGF????????????????
???????????????????????????????????
???????KGF??????????????????????????
?????KGF????????????????????????????
?M DM D ????????????????????M DM DF???M DM DF
? 2.5 ng/ml ?bFGF???????????????????bFGF????
????????????????????????????????MDM DF
???????????????????????????????? Fig. 3??
??????????? bFGF ?????????????????????
???????????????
KGF ???????????????????????????????
????????????? KGF ???????????????? 44,45??
????????????????????????????? 46?????
????????????????????????????????KGF?
cAM P? bFGF? Tf????ET-1?????????????????????
????????????????????????????????? KGF
?cAM P?Tf????ET-1????????????????????????
???????????????????????????????????
????????????KGF?cAM P? Tf? ET-1????????????
??????????????????????????????????KGF
? M DM D ??????????????????????????????
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????????? 51????????K GF???????????????
????????????????????????????K GF?????
??????????????????
KGF???????????UVB?? UV B??????????????
????? 44,45???UVB???????????????????????
???????????????????????????? 52?????KGF
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????? 52??????????????UVB??
???????????????????????????????????
???????????????? Kim ?????????????????
??????????????????Vascular Endothelial Growth Factor? VEGF?
????????????????? 53??????????????????
?????????????????????????????
????
1. Silvers WK. The Coat Colors of Mice. Berl in, Springer-Verlag Press, 1979 
2. Hearing VJ, Tsukamoto K . FASEB J 1991;5:29022909 
3. Hirobe T. Histol Histopathol  1995;10:223237 
4. L in JY, Fisher DE. Nature 2007;445:843850 
5. White RM , Zon LI. Cell Stem Cell 2008;3:242252 
6. I to S, Wakamatsu K . Pigment Cell Melanoma Res 2011;24:6374 
7. Rawles M E. Physiol Zool  1947;20:248266 
8. Nishimura EK, Jordan SA, Oshima H, Yoshida H, Osawa M , M oriyama M , Jackson 
IJ, Barrandon Y, M iyachi Y, Nishikawa S. Nature 2002;416:854860 
66 
9. Nishimura EK, Granter SR, Fisher DE. Science 2005;307:720724 
10. Osawa M , Egawa G, M ak S-S, M oriyama M , Freter R, Yonetani S, Beermann F, 
Nishikawa S. Development 2005;132:55895599 
11. Nishikawa-Torikai, S, Osawa M , Nishikawa S. J Invest Dermatol  2011;131:2358
2367 
12. Hirobe T. Pigment Cell  Res 1992;5:111 
13. Steel KP, Davidson DR, Jackson IJ. Development 1992;115:11111119 
14. Wilkie AL , Jordan SA , Jackson IJ. Development 2002;129:33493357 
15. Jimbow K , Roth SI, Fitzpatrick TB, Szabo G. J Cell  Biol 1975;66:663671 
16. Hirobe T, Flynn E, Szabo G, Vrabel M , Garcia RI. J Cell  Physiol  1988;135:262
268 
17. Hirobe T. Development 1992;114:435445 
18. Imokawa G, Yada Y, M iyagishi M . J Biol Chem 1992;267:2467524680 
19. Hirobe T. J Invest Dermatol Symp Proc 2001;6:2531 
20. Hachiya A , K obayashi A , Ohuchi A , Takema Y, Imokawa G. J Invest Dermatol 
2001;116:578586 
21. Hachiya A , Kobayashi A , Yoshida Y, K itahara T, Takema Y, Imokawa G. Am J 
Pathol  2004;165:20992109 
22. Kunisada T, Yoshida H, Yamazaki H, M iyamoto A , Hemmi H, Nishimura E, Shultz 
LD, Nishikawa S, Hayashi S. Development 1998;125:29152923 
23. Hirobe T, Osawa M , Nishikawa S-I . Pigment Cell Res 2003;16:644655 
24. M atsumoto K , Tajima H, Nakamura T. Biochem Biophys Res Comm 1991;176:45
51 
25. Kunisada T, Yamazaki H, Hirobe T, Kamei S, Omoteno M , Tagaya H, Hemmi H, 
Koshimizu U, Nakamura T, Hayashi SI . Mech Dev 2000;94:6778 
26. Hirobe T, Osawa M , Nishikawa S-I . Pigment Cell Res 2004;17:5161 
27. Imokawa G, Yada Y, K imura M , M orisaki N. Biochem J 1996;313:625631 
28. Hirobe T, Furuya R, Ifuku O, Osawa M , Nishikawa S-I. Exp Cell  Res 
67 
2004;297:593606 
29. Hirobe T, Furuya R, Hara E, Hori i  I , Tsunenaga M , I fuku O. Pigment Cell  Res 
2004;17:230240 
30. Hirobe T. J Cell Physiol  2002;192:315326 
31. Tamm I, K ikuchi T, Zychlinsky A . Proc Natl Acad Sci USA 1991;88:33723376 
32. M aas-Szabowski N., Shimotoyodome A ., Fusenig N. E. J Cell  Sci  1999;112:1843
1853 
33. Kovacs D, Cardinal i G, Aspite N, Cota C, Luzi F, Bellei B, Briganti S, Amantea A , 
Torrisi M R, Picardo M . Br J Dermatol 2010;163:10201027 
34. M ildner M , M litz V, Gruber F, Wojta J, Tschachler E. J Invest Dermatol  
2007;127:26372644 
35. L i W., Fan J., Chen M ., Guan S., Sawcer D., Bokoch G. M ., Woodley D. T. Mol 
Biol Cell  2004;15:294309 
36. Imokawa G. Pigment Cell  Res 2004;17:96110 
37. Yamaguchi Y, Brenner T, Hearing V J. J Biol Chem 2007;282:2755727561 
38. Yamaguchi Y, I tami S, Watabe H, Yasumoto K , Abdel-M alek ZA, Kubo T, Rouzaud 
F, Tanemura A , Yoshikawa K, Hearing VJ. J Cell Biol  2004;165:275285 
39. Hedley SJ, Layton C, Heaton M , Chakrabarty KH, Dawson RA, Gawkrodger DJ, 
M acNeil S. Pigment Cell Res 2002;15:4956 
40. Cario-Andre M , Pain C, Gauthier Y, Casoli  V, Taieb A . Pigment Cell  Res 
2006;19:434442 
41. Choi W, Wolber R, Gerwat W, M ann T, Batzer J, Smuda C, L iu H, Kolbe L , 
Hearing VJ. J Cell  Sci  2010;123:31023111 
42. Finch PW, Rubin JS, M iki T, Ron D, A aronson SA. Science 1989;245:752755 
43. M archese C, Rubin J, Ron D, Faggioni A , Torrisi M R, M essina A , Frati  L , 
Aaronson SA. J Cell  Physiol 1990;144:326332 
44. Chen N, Hu Y, L i W-H, Eisinger M , Seiberg M , L in CB. Exp Dermatol 
2010;19:865872 
68 
45. L in CB, Hu Y, Rossetti  D, Chen N, David C, Slominski A , Seiberg M . J Dermatol 
Sci 2010;59:9197 
46. Cardinali  G, Ceccarell i  S, Kovacs D, Aspite N, Lotti  LV, Torrisi M R, Picardo M . J 
Invest Dermatol 2005;125:11901199 
47. Hirobe T. Dev Biol 1994;161:5969 
48. M ishima Y. J Histochem Cytochem 1964;12:784790 
49. Hirobe T. J Exp Zool 1982;224:355363 
50. Hirobe T, Wakamatsu K , I to S, Kawa Y, Soma Y, M izoguchi M . Eur J Cell  Biol 
2006;85:537549 
51. Hirobe T. Pigment Cell Melanoma Res 2011;24:462478 
52. Iriyama S, Ono T, Aoki H, Amano S. J Dermatol Sci  2011; 64:223228 
53. K im EH, K im YC, Lee E-S, Kang HY. J Dermatol Sci  2007;46:111116 
69 
?
?1. K GF?????????????????????????
?? ???????
??
?????? ??????
? m?
M DMD+Tf+ET-1 59.92±3.65 2.24±0.05 81.17±2.67
M DMD+Tf+ET-1+KGF 90.25±3.00* * * 2.79±0.10* * * 128.62±4.06* * *
??????????????????????????? MDM D?Tf? 100 
g/ml? ?ET-1? 10 nM? ?KGF? 0, 10 ng/ml? ? 7?????????????
???????????????????????????????????
???????????????? N = 100? ???????????????
????3????????±??????????????????????
????????????????*?? P < 0.05??* *?? P < 0.01?????* * *
?? P < 0.001? ?????
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Figure 1. KGF?????????????????????
?????????????? ?? ????????????? MDM D?Tf
? 100 g/ml? ?ET-1? 10 nM? ?KGF? 0? 1? 10? 100 ng/ml? ????????
????? A? ??????? B? ?7????????? 1? 4? 7?????
?????? 3 ????????????????? ???????????
????????????????????????????????????
????????????????*?? P < 0.05? ?????
Figure 2. KGF????????????????
?????????????? ?? ????????????? MDM D?Tf
? 100 g/ml??ET-1? 10 nM???KGF???? A, C? ????KGF? 10 ng/ml?
???? B, D??????????????3??? A, B????7??? C, D?
?????AB?????????CD?????????????100 m??
??
Figure 3. KGF?????????????????
????????????????????????????? M DM DF?Tf
? 100 g/ml? ?ET-1? 10 nM? ?? KGF???? A? ????KGF? 10 ng/ml?
???? B? ?????????????3????????????????
??????100 m????
Figure 4. KGF??????????????????????
????????????????????????????? M DM DF?Tf
? 100 g/ml? ?ET-1? 10 nM? ?KGF? 0? 1? 10? 100 ng/ml? ????????
?????7????????? 1? 4? 7???????????3????
????????????? ??????????????????????
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????????????????????????????????????
????????*?? P < 0.05??????* *?? P < 0.01? ?????
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6. ????????????????????????
??
??????????? UV??????????????????UV ??
???????????????????????????????????
???????????????????????????????????
??????????????? 25 ???????????????? ???
???????????????????????????????????
???????????????????????????????????
??????24????????????????????????????
????Vascular Endothelial Growth Factor? VEGF? ????????????
??????CD68???????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????????
??
???????????????????????????????? UV
???????????????????????????????????
??????????
??????????????????????????????????
??????????????????????????? 1,2???????
??????? UV ??????????????????????????
?????????????????????? 3-5????????????
????????????????????? 6-9?UV ???????????
?????????????????? 6,7??? UV ???????????
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????????????UV ??????????????????????
??????????????????? 8????????????????
??????????????????????? 9????????????
UV ?????????????????????????????????
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Table 1. ?????????????????????
?? ?????? ????
M I (Melanin index) 131.7 ± 27.0 195.7 ± 48.9* * *  
EI (Erythema index) 210.5 ± 57.2 276.6 ± 64.6* * *  
L*  61.95 ± 2.50 59.52 ± 2.91* * *  
a*  7.503 ± 1.998 8.576 ± 2.164* * *  
Hb?? 1.113 ± 0.339 1.216 ± 0.371*  
M I ???EI?M exameter????? L*?? ???? ???a*?? ?
?????????????Hb?????????????????
?????? CM -SA ?????????????????????
???*?? P < 0.05??????* * *?? P < 0.001? ?????
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Figure 1. ??????????????
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??????????????? ?? ?????? ?? ??????????
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?????VEGF????????????????? SA/EA ???????
?????????E. CD68???????????????????????
???? SA/DA ???????????????? F. VEGF? CD68????
????????? VEGF? CD68 ????????????????????
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????? B16 ????????????????????????????
???????? 40%?????0.05%???????????????????
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